Light with orbital angular momentum (OAM), or twisted light, is widely investigated in the fields of optical communications, quantum information science and nonlinear optics by harnessing its unbounded dimension. For light-matter interacting with twisted light like quantum memory and nonlinear frequency conversion, efficiencies in these processes are usually decreasing exponentially with topological charges, which severely degrades the fidelity of the output states. Here we conceive and develop a method to eliminate the dependence of conversion efficiency on topological charges in second harmonic generation (SHG) process by utilizing a special designed image technique. The independence of SHG conversion efficiency on topological charge is verified for different topological charges, this independence is valid for various pump power. This method can be generalized to other light matter interaction processes and revolute the field of light matter interaction with twisted light to achieve higher efficiency and higher fidelity.
Introduction Orbital angular momentum (OAM) carrying light, or twisted light is one of the most investigated light field since been proposed by L. Allen in 1992 [1] . By harnessing the unbounded dimension and unique mechanical properties of twisted light, various investigations of such kinds of light are performed in many scientific fields [2] [3] [4] , includes: high capacity spatial mode division multiplexing optical communications [5] , high dimensional quantum information processing like quantum memories [6] [7] [8] and quantum key distribution [9, 10] , nonlinear frequency conversion of twisted light [11] [12] [13] [14] , high precision optical metrology [15] [16] [17] , and optical trapping and manipulation of micro-particles [18] . A tremendous researches on different aspects of twisted light are still a very hot topic.
In the field of light matter interaction with twisted light, like quantum memories based on atomic ensembles [6] [7] [8] and nonlinear frequency conversion in second [11, 19] or third order nonlinear medium [20] , the storage or conversion efficiencies in these processes are strongly depends on the topological charges of the input beam [6, 8, 11, 17] , which usually decreasing exponentially with topological charge.
There are two main drawbacks for topological charge dependence of conversion efficiency in light matter interactions: on one hand, the decreasing of conversion efficiency with topological charge limits the maximum topological charge that can be efficiently stored or converted; on the other hand, for high dimensional OAM superposition state input, it will severely distorted after storage or frequency conversion. To solve this problem will be a vital important step towards high efficient and high quality light matter interaction with high dimensional superposition states.
Here we conceive and develop a method to eliminate the dependence of conversion efficiency on topological charges in light matter interaction processes by utilizing a special designed image technique. To verify our method, second harmonic generation (SHG) of twisted light in quasi-phase matching periodically poled KTP is shown as an example, but we should point out that the present method can also be Theoretical analysis For SHG of twisted light beam, coupling equation can be used to describe this process [21, 22] . For strong focusing beams or short crystal approximations, the main contribution to second harmonic light is from the pump beam waist, which is determined by
We have assume that phase-matching condition is achieved.
Using the relationship between power and electric field Where n is the refractive index of the medium c is the speed of light at vacuum, 0 is the permeability of vacuum. We can obtain If the intensity distribution is independent of topological charge, that is,
is independent of topological charge. Then 2 P  is also independent of topological charge. Thus we can achieve conversion efficiency independent of topological charge in SHG. This condition can not be realized for standard modes such as Laggurre-Gaussian (LG) modes. For LG mode the conversion efficiency would decreasing with topological charges [11] . To realize topological charges independent conversion, we need some insight into the generation and evolution of twisted light [23] .
Common used methods for generation twisted light are diffractive optical elements like vortex phase plate (VPP) and spatial light modulator (SLM) [3] . These diffractive elements are often illuminates with collimated Gaussian beams. The fact is that when the beam just propagates out from the facet from the diffractive optical element, though it has imprinted with a topological charges, it still has an intensity distribution similar to a standard Gaussian beam. This is the key component of our methods. By imaging the field of the light beam just at the output facet of the diffractive elements to the center of the nonlinear crystal with smaller beam size, we can convert the twisted light efficiently without topological charge dependent.
The ABCD matrix description of an imaging system should have conditions that B=0 and AD-BC=1 [24] . In practical their usually two ways for constructing an imaging system, one is 4-f imaging with two lenses, the other single lens imaging. The ABCD matrix for the two systems can be express as 
Where k is the wave vector of the light field, z is the distance between the imaging plane and the object plane, xi, yi is the coordinate in the image plane. This formula indicates that despite of a magnification factor A, the intensity distribution of the image plane is the same as object plane. The difference between two lenses imaging and single lens imaging is a phase modulation factor. There is no phase modulation for two lenses imaging. For collimated Gaussian illuminating beam, the light field at the position of VPP can be expressed as [25]
Where xo, yo is the coordinates at the object plane and w0 is the beam waist for the illuminating Gaussian beam. It is obvious that the intensity distribution at the image plane will be the same for different topological charges by applying Eq. (6), this is the origin for achieving topological charge independent SHG.
The beam waist at the image plane would be Aw0. After SHG, the topological charges would be doubled [21] . Below we will verify the above findings. Results We obtain conversion efficiency with topological charge range from 0 to 3 at different pump power. Figure. 
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